This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



(12) 



(43) Date of publication: 

03.07.1996 Bulletin 1996/27 

(21) Application number: 95120140.9 

(22) Date of fOing: 20.1 2.1 995 



EuropSisches Patentamt 
European Patent Office 
Office europ6en des brevets (1 1 ) EP 0 720 233 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI HOI L 27/02. H01 L 27/1 1 8 



(84) Designated Contracting States: 


(72) Inventor: Kurosawa, Susumu 


DE FR GB 


c/o NEC Corporation 




Tokyo (JP) 


(30) Priority: 27.12.1994 JP 324893/94 




(74) Representative: Glawe, DeHs, Moll & Partner 


(71) Applicant: NEC CORPORATION 


Patentanwaite 


Tokyo (JP) 


Rostfach 26 01 62 




80058 MOnchen (DE) 



CM 
< 

CO 
CO 

CM 

o 

CM 

o 

CL 
LU 



FiG.Ka) 



(54) Library group and semiconductor integrated drcutt structured thereof 

(57) A Iftyary group structured of logic gates and 
function blocks which aHowafl of the requirennents of high 
speed operation, low power consumption, and high inte- 
gration to be satisfied and a toad driving capability to t>e 
optimally selected without need to remrk and modify the 
placenf>ent and wiring design wtxk is provided. 

A library group is structured of basic cells of transis- 
tors with a small channel width and has|:dural logic c^tes 
and plural function blocks wfiich have the same togic 
function, the same size, and the san>e inputtoulput ter- 
minal positions and which have different load driving 
capability. A portion which performs a logical function is 
separated from a portion which performs a load driving 
function. The portion wfiich performs the load driving 
function is structured of a lateral type bipolar device or a 
hybrid mode device corresponding to SOI technology. 
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Description 

fil^rkqround of the Invention 

1. Field of the Inventicn 

The preeent invention relates to a library group 
structured of logic gates and function blocks and a sem- 
iconductor integrated circuit structured of the library 
grotfx tn particular, the present irvention relates to a 
library group structured of logic gates and function blocks 
that satisfy both requirements of high speed operatkxi 
and km power consumption and a semiconductor Inte- 
grated circuit structured of the library group. 

2. Desaiption of the Related Art 

A logic drcurt for use in combination with a semicon- 
ductor integrated circuit (hereinafter referred to as an 
LSI; a large scale integrated circuit) is structured of logic 
gates (such as inverter. NAND gates, and OR gates) 
and/br function blocks (such as flip-flop circuits struc- 
tured of several gates to several dozens of gates) whch 
themselves have logically coherence. These logic gates 
and^ function blocks are designed before an LSI is indi- 
vidually designed. The designed k)gic blocks and func- 
tk>n bkx:ks are provided as a fibrary group of a database. 
Thus, to design a logk; LSI, \oq\c gates and function 
blocks provided as a library groip are placed on a chip 
and nrutually connected. 

Usually, a logic circuit of an LSI is formed on an array 
of bask; transistors that have the same size Examples 
of anays are gate arrays and embedded arrays. For 
exarrple, in a CMOS LSI, a bask: cell is staictured by 
plural P channel type basic transistors and plural N chan- 
nel type basic transistors. The basic cells are generally 
arranged in an array shape. 

The k>gic gates and functk)n bk)cks should have a 
load c^)acitance driving capability along with a logk; 
function. The load capacitance is conposed of a next 
stage input capacitance and a wiring capacitance. The 
load capacitance is quantitatively defined with the 
nunt>er of gates connected to output (referred to as the 
number of fan-outs) and the wiring length between the 
output and the next stage. The number of fan-cuts and 
the wiring lerigth largely depend on each gate and each 
block. If we try to design a k>ad capacitance driving capa- 
bility individually and optimally, a precise wiring capaci- 
tance and a very long designing time may be required. 
However, a precise wiring capacitance may not be 
obtained until the layout design has been corrpleted. 
Therefore, it is not realistic that the load capacitance driv- 
ing capability is individually and optimally designed. 

To solve this problem, assuming a standard logk; 
gate and a standard load condition, the size of a t>asic 
transistor with a desired delay time is predetemrrined. As 
a standard logic gate, a three-input NAND gate is con- 
sidered. In addition, as a standard load condition, the 
number of fan-outs is three and the wiring length is about 



2 mm is nonnally considered. Thus, in a CMOS LSI. the 
channel width of a basic transistor is designated 10 to 
20>im. 

For a load larger than the standard load condition, a 

5 k)gk: gate with a large toad driving capability or a special 
driver circuit is provtied. For example, for a sirrple logic 
gate or the like, a structure of which plural same gates 
are connected in parallel is conventk>nalty provided This 
structure is refen'ed to as a power gate. 

70 In a library groip structured of such k)gk; gates and 
functxxi blocteand an LSI structured of the library group. 
Speed and power consumption performance are not opti- 
mized. In oth»er words, it is diffkxjtt to satisfy both the 
requirements of high speed and low power consumption. 

IS In the case of, for example, a CMOS circuit, the load 
driving capability depends on the k>gic structure and the 
ratio between the channel wkith and the channel length 
of a MOSFET. For exanple. In the case of a three-input 
NAND gate, three N channel MOSFETs are connected 

20 in series. In the discharge state, the load driving capa- 
bility of the three-input NAND gate is decreased to one 
third of that of an inverter gate. To drive the standard k>ad 
at a high speed in such a situation, the channel wk^ of 
a bask; transistor is designed as large as 10 to 20 ^m. 

25 However, when the wiring length is short and the k)ad of 
the fan-outs is dominanL the delay time ctoes not depend 
on the channel wkfth of the MOSFET. and the power is 
wasteful ooaesponding to the size of the bask: transistor. 
In conventional logic circuits, half of bgic gates and func- 

30 tk)n blocks represent such a tendency, tn partkutar. most 
of them in the data-pass portion almost represent such 
a terxiency 

Ontheolher hand, when the size of the basic tran- 
sistors is simply reduced, although such a toss of the 

35 power can be reduced, if the fan-out toad is not dominant, 
the operatton speed detertorates. In the case of a pcwer 
gate, which is used to improve the toad driving capability, 
since the area becomes twtoe or more, when the togic 
functton becomes compltoated. the areal effkaency 

40 remarkably detertorates. 

To solve such a problem, a structure that independ- 
ently prcvkles a portion that performs a logic function 
and a portton that performs a load caving function has 
been proposed in Japanese Patent LaxJ-Open Publica- 

45 tton Na 63-43345 (this is referred to as the related art 
reference 1). For exanrple, as shown in Fig& 12(a) and 
12(b). a two-input AND gate is divided into a two-input 
NAND gate and an inverter circuit. The former has a togic 
functton, while the latter has a load driving function. They 

so are applied tor a standard cell as shown in Rg. 12(c). 
After the layout design has been completed, the size of 
an output transista that structures the inverter circuit is 
optimally designated conesponding to the load. When 
this method is applied tor a gate anay or an embedded 

55 anay. if necessary, plural trareistors are connected in 
parallel so that the size of an output transistor that struc- 
tures an inverter circuit is optimally designated corre- 
sponding to the load. 
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A structure of which at least an output block is con- 
nected in parallel so that a predetermined tan-out char- 
acteristic can be obtained has been proposed in 
Japanese Patent Laid-Open Publication Na 63-46748 
(this is referred to as the related art reference 2). For 5 
exanple. as shewn In Fig. 13. in a logic circuit structured 
of three two-input NAND gates, a NAND gate at the last 
stage is connected in parallel corresponding to th load. 

In the related art refererice 1 . the portion that per- 
forms the logic funcHpn can be structured of small tran- 10 
sistors. In the related art reference 2. the portion of 
function bkxks other than an output block can be struc- 
tured of small transistors. Thus, the power consumption 
can be reduced without a deaease of the operation 
speed. 

However, in the conventional library group struc- 
tured of kagic gates and function Uocte and an LSI struc- 
tured of the library group, when a gate array and an 
ent>edded array structured of basic transistors that have 
the same size are especially used, the designing time so 
and areal efficiency are very wasteful. 

Unless the layout design of an LSI has been com- 
pleted, the load thereof cannot be precisely obtained. 
Thus, there may be a large difference between the load 
that has been initially estinraled and the re^ load of the 25 
LSI. When the real load is greater than the initially esti- 
mated kjad, the toad driving capability shouW be 
increased so as to prevent the operating speed from 
decreasing. On the other hand, when the real load is 
smaHer than the initially estimated toad, the toad driving 30 
capability shouM be decreased so as to reduce the 
power consumption. In other words, after the placement 
and wiring have been designed, the toad shouto be pre- 
cisely estimated corresponding to the real designed 
result. When the real load is larger than the initially esti- 
mated load, the toad driving capability shouU bo 
increased so as to pre/ent the operating speed from 
decreasing. When the real toad is smaller than the ini- 
tially estimated load, the load driving capability should 
be decreased so as to reduce the power consumption 
without a sacrifice of the operating speed. 

To do that, a library group structured of plural togic 
gates and function biocks that have the same logic func- 
tion and that have different load driving capability should 
be provided so that proper togic gates and proper func- 
tion blocks can be replaced. However, since the sizes 
and input/butput terminal positions of the conventional 
library group differ from each other, the placement and 
wiring design should be performed again from the begin- 
ning. Thus, a very tong designing time is required. In 
occasion, a rework nray result in another rework, and 
after redesign of the placement and wiring design, may 
be perfonned tor other positions. In addition, this rework 
does not guaranteed that the design is completed. 

An increase of the load driving capability in the 
related art reference 3 is equivalent to the case that an 
output block is structured of a power gate. Thus, when 
the logic function of the output block is complicated, the 
areal efficiency remarkably deteriorates. 



Summary of the Invention 

An object of the present invention is to prosride a 
library group structured of logic gates and function blocks 
that allow all of the requirements of high speed operatton. 
low power consumption, arxj high integration to be sat- 
isfied and a load driving capability to be optimally 
selected without need to rework and modify the place- 
ment and wiring design work. 

The present invention is a Bbrary group stnxAired 
of basic cells and having togic gates that have the same 
logic function, the same size, and the same Input/oulput 
terminal positions and that have different load driving 
capability. 

The present invention is a library group structured 
of basic cells and having functton t>locks that have the 
same logic functton. the same size, and the san>e 
input/output terminal positions and that have different 
load driving capability. 

The present invention is a library group structured 
of basic cells and having logto gates and functkm blocks 
that have the same logic function, the same size, and the 
same input/output terminal posittons and that have dif- 
ferent toad driving capability. 

In additton. the present inventton is a logto circuit 
structured of the library group with the above<jescribed 
features, and a semiconductor integrated circuit struc- 
tured of the Gfarary group thereof. 

These and other objects, features and advantages 
of the present invention will become more apparent in 
light of the fdtowing detailed description of best mode 
entxximents thereof, as ilkistrated in the accompanying 
drawings. 



35 Rrigf Description of Drawings 

Figs. 1(a) to 1(c) are layout diagrams for explaining 
a first en^odiment of the present invention; 
Rg. 2 is a layout diagram for es^aining a basto cell: 
40 Figs. 3(a) to 3(c) are circuit dagrams for explaining 
the first embodiment of the present invention; 
Rgs. 4(a) to 4(c) are second circuit diagrams for 
explaining the first embodiment of the present inver>- 
tion; 

45 Figs. 5{a) to 5(c) are second layout diagranre for 
explaining thef irsl embodiment of the present inven- 
tion; 

Fig. 6 is a sectional view showing a MOSFET conre- 
sponding to an SOI technology: 
50 Figs. 7(a) to 7(b) are circuit d agranre for explaining 
a second enrtxxiiment of the present invention: 
Rg. 8 is a layout diagram for explaining a basic celt 
according to the second embodiment of the present 
inventton; 

55 Rg. 9 is a layout diagram for explaining the second 
emtwdiment of the present invention; 
Rg. 1 0 is a layout diagram for explaining the second 
embodiment of the present invention; 
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Rg. 1 1 is a graph showing characteristics of a library 
group according to the present invention: 
Figs. 1 2(a) to 1 2(c) aredrcuitdiagrantsanda layout 
diagram for explaining a related art reference 2; and 
Fig. 13 is a circuit diagram tor expiaining a related s 
art reference 3. 

DeacflPtion of Preferred Embodlnf>ertts 

Ennbodin:)erits of the present invention will be io 
described with reference to the accompanying drawings. 

Figs. 1(a). 1(b). and 1(c) are layout diagrams tor 
explaining a first embodiment of the present invafttton. 
With three basic cells shown in Fig. 2. circuits shown in 
Figs. 3(a), 3Cb). and 3(c) are formed as Ibraries. Figs! is 
3(a) to 3(c) are circuit diag-ams for explaining the first 
embodiment of the present invention. A three-input 
NAT^D gate is shown in Fig. 3(a). In Fig. 3(b). to separate 
a portion that performs a logic function and a portion that 
performs a load driving function, a buffer circuit is added. 20 
In Fig. 3(c), two stages of inverter circuits are used as a 
buffer drcurt. 

In Figs. 1 (a). 1 (b). and 1 (c). finely hatched patterns 
represent metaJ wires on a first layer. Smalt squares 1 1 1 
represent contacts. In Fig. 2. drdes 1 03 represent con- 2S 
tact positions in source and drain diffusion layer regtons. 
In this example, the number of contact positions is three 
The basic cell Is constructed by t¥W P channel type basic 
transistors and two N channel type basic transistors. Ref- 
erence numeral 101 isa field pattern. Reference numeral so 
102 is a gate electrode pattern. 

Fig. 1(a) is a layout diagram of which the drcuit 
shown in Fig. 3(a) is fcxmed as a library. Reference 
numeral 112 is a power supply line. Reference numeral 
1 13 is a ground line. Reference numerals 1 14, 1 15, and 35 
1 16 are input terminal positions. Reference numeral 117 
is an output terminal position. Fig. 1(b) is a layout dia- 
gram of which the drcuit shown in Fig. 3(c) is formed as 
a library. In Rg. 1(b). two transistors are connected in 
paraNei so as to inprove the toad driving capabflity of an 40 
inverter drcuit on the last stage. Reference numeral 122 
is a power supply line. Reference numeral 123 is a 
groufid line. Reference numerate 1 1 4, 1 1 5, and 1 1 6 are 
input terminal positions. Reference numeral 117 is an 
output terminal position. Rg, 1(c) is a layout diagram of 45 
which two transistors are connected in parallel In the dr- 
cuit shown in Rg. 3(a) so as to improve the load driving 
capability of the three-input NAND gate. TTiis structure 
is referred to as a power gate. Reference numeral 132 is 
a power supply line. Reference numeral 1 33 is a ground so 
line. Reference numerals 114. 115. and 116 are input 
terminal positions. Reference numeral 1 17 is an output 
terminal position. 

It is dear that each of the Ibraries shown in Figs. 
1 (a) , 1 (b) . and 1 (c) has the same logic function, the same ss 
size, and the same irput/output terminal positions and 
different load driving capability. When the libraries shown 
in Figs. 1(a), 1(b). and 1(c) are compared, in the library 
shown in Fig. 1 (b). a portion that performs a logic func- 



tion is separated from a portion that performs a load driv- 
ing function so as to provide a load driving capability 
different from the library shown in Rg. 1(a). Inthe Itorary 
shown in Rg. 1 (c). both the function portions are not sep- 
arated. In the library shown in Fig. 1(a), since six tran- 
sistors are not used, a toss takes place. However, the 
integration of a real logic LSI does not depend on the 
integration of each of the liararies. To mutually connect 
these libraries, a very large number of wiring channels 
are required. Thus, individual Itoraries are required an 
allowance to some extent. Consequently, such a loss of 
each library never results in an inaease of the chip area 
of the resuHant logic LSI. 

Figs. 4(a) to 4(c) is a second circuit diagram for 
explaining the first embodiment of the preset invention. 
In Fig. 4(a) to 4(c). a method for accomplishing a different 
load curving capability is shewn as an example of a static 
latch circuit In Fig. 4(a) to4(c). Cand CI are clock signals 
sufsptied to a transfer gate. These dock signals have 
opposite phases of which these signals do not overlap. 
Fig. 4(b) shows an exarnple of which one inverter drcuit 
is added and the connections of the drcuit shown in Rg. 
4(a) are changed. In this case, the toad driving capability 
of the inverter drcurt on the last stage can be changed 
without an influence against the drcuit operation. Rg. 
4(c) shows the case that a buffer drcuit that performs a 
toad driving function is added. 

Figs. 5(a) to 5(c) show examples of layouts of which 
drcuits shown in Figs. 4(a) to 4(c) are formed as libraries 
with four basic cells shown in Fig. Z In these examples 
of the layouts, finely hatched patterns represent metal 
wires on the first layer. Coarsely hatched patterns repre- 
sent metal wires on the second layer. Small squares 11 1 
represent contacts. Large squares 141 represent 
through-holes tiiat connect the metal wires on the f ffst 
layer and the metal wires on the second layer. Rg. 5(a) 
is a layout diagram of which the drcuit shown in Fig. 4(a) 
is formed as a library. Reference numeral 142 is apower 
supply line Reference numeral 143 is a ground Una Ref- 
erence numeral 144 is an input terminal position. Refer- 
ence numeral 145 is an output terminal position. 
Reference numeral 1 46 is a C signal irput terminal posi- 
tion. Reference numeral 147 is a CI signal input terminal 
position. Fig. 5(b) is a layout diagram of which the circuit 
shown in Fig. 4(b) is formed as a Ibrary. Reference 
numeral 152 is a power supply Hne. Reference numeral 
153 is a ground line. Reference numeral 144 is an input 
terminal position. RefererKe numeral 145 is an output 
terminal position. Reference numeral 146 is a C signal 
irput terminal position. Reference numeral 147 is a CI 
signal input terminal position. Fig. 5(c) is a layout dia- 
gram of which the circuit shown in Rg. 4(c) is formed as 
a library In Fig. 5(c), two transistors are connected in 
parallel so as to improve the toad driving capability of 
only the inverter drcuit on the last stage. Reference 
numeral 162 is a power supply line. Reference numeral 
1 63 is a ground line. Reference numeral 1 44 is an input 
terminal position. Reference numeral 145 is an output . 
terminal position. Reference numeral 146 is a C signal 
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input terminal position. Reference numeral U7 is a CI 
signal input terminal position. 

Each of the libraries shown in Rg. 5 has the same 
logic function, the same size, and the same input/output 
terminal positions and has different load driving capabil- 
ity. When the libraries shorn in Figs. 5(a), 5(b). and 5(c) 
ar conpared. in the libraries shown in Rgs. 5(b} and 
5(c), a portion that performs a logic finction is separated 
from a portion that performs a load driving function so as 
to have a different load driving capability. 

In recent years, an SOI (silicon on insulator) tech- 
nology is becoming popular as a deAce technology hav- 
ing characteristic of high speed operation and the lew 
power consunrption. Fig. 6 is a sectional view showing 
an N channel MOSFET corresponding to the SOI tech- 
nology. Refer€fK:e numeral 201 is an Si (silicon) sub- 
strate. Reference numeral 202 is an insulation film. 
Reference numeral 203 is a P type transistor-body 
region. Reference numerai 204 is an N type source 
region. Reference nunr>eral 205 is an N type drain region. 
Reference numeral 206 is a gate oxide film. Reference 
nunieral 207 is a gate electrode Reference numeral 208 
is an insulation film. It is preferable to directly stpply a 
voltage to the transistor-body region 203 from a view 
point of the stability of the transistor operation. However, 
when the dence is operated at a low power sipply volt- 
age, the transistor-body region may be operated in a 
floating state without need to directly supply a voltage. A 
structure of which a voltage is directly supplied to the 
transistor-body region is described in for example " An 
SOI Vbttage-Controlled Bipolar-MOS Device' by JEAN- 
PIERRE COLINGE. -IEEE ELECTRON DEVICES", Fig. 
1 , page 845-849, April 1 987. Thus, this structire can be 
accomplished by the known technology. 

A lateral type bipolar device using the MOSFET 
structure is shown in fa example ' A High-Performance 
Lateral Bipolar Transistor Fabrk:ated on SIMOX' by 
Parke et al. "IEEE ELECTRON DEVICE LETTERS", pp. 
33-35, January 1 993. In this structure, the source is oper- 
ated as an emitter. The drain is operated as a collector. 
The transistor-body is operated as a base. In the case 
of an NPN type device, the gate electrode is connected 
to the ground voltage. In the case of a PNP type device, 
the gate electrode is connected to the power supply volt- 
age. 

In addition, a hybrid rno6e device is described in for 
example ' Bipolar-FET Hybrid-Mode Operation of Quar- 
ter-Micrometer SOI MOSFETs" by Parke et al, "IEEE 
ELECTRON DEVICE LETTERS", pp. 234-236. May 
1 993. The source is operated as an emitter. The drain is 
operated as a collector. The transistor-txx^ is connected 
to a gate electrode and operated as a base. In the hybrid 
mode device, as with the MOSFET the threshold voltage 
depends on the distribution of innpurities in the channel 
region and the like. In addition, as with a bipolar device, 
the hybrid mode device has a sharp subthreshold char- 
acteristic. TTujs. the hybrid mode device is very attractive 
at a lew power supply voltage.. 



Figs. 7(a) and 7(b) are circuit diagrams fa explaining 
a second embodiment of the present invention. The cir- 
cuits shown in Figs. 7(a) and 7(b) are buffer circuits that 
are very simply structured and have very high driving 
5 capatxlity. Fig. 7(a) shows a buffer circuit using a bipolar 
device. Reference numeral 211 is an NPN type bipolar 
device. Reference numeral 212 is a PNP type bipolar 
device. Reference numeral 213 is a resista device. 
When the input signal is the power supply voltage, the 
70 resistor device causes the output voltage to be securely 
charged to the power supply voltage. When the input sig- 
nal is the ground voltage, the resistor device causes the 
output voltage to be securely discharged to the ground 
voltage. Thus, the resistor device is not essential tor the 
IS circuit operation. Fig. 7(b) shows a circuit using a hybrid 
mode device. Reference numeral 214 is an N channel 
type hybrid mode device. Reference numeral 215 is a P 
channel type hybrid nrxxie device. Reference numeral 
213 is a resistor d^e. 
20 Fig. 8 is a layout diagram of a basic cell for explaining 
the second embodiment of the present invention. In Fig. 
8, the basic ceO is constructed by two P channel type 
basic transistors and two N channel type basic transis- 
tors Voltages can be supplied to transistor-body regions 
25 Of the MOSFETs. Reference numeral 221 is a field pat- 
tern. Reference numeral 222 is a gate electrode pattern. 
Reference numeral 223 is an N type diffusk)n layer 
region tor supplying a voltage to the transistor-body 
regkxis of the P channel type MOSFET& Reference 
30 numeral 224 is a P type diffusion layer region for supply- 
ing a voltage to the transist v-body regkxis of tfie N chan- 
nel type MOSFET& Circles 103 represent contact- 
possible positions of the source and drain diffusion layer 
regions. In this example, the nunft>er of contact positions 
35 is three. When this basic cell is used, the t>asic transis- 
tors can be operated as MOSFETs, lateral type bipolar 
devices, or hybrid mode devk»s. The feature of this t^asic 
cell is very advantageoiK, in a gate array or an embed- 
ded array of which basic cells are normally arranged in 
40 an anay shapa 

The structure of which the basic cell shown in Fig. 8 
is operated as the above-described device will be 
described. When the regions 223 and 224 are operated 
in the floating state or predetermined voltages are sup- 
45 plied (for exanrple. the power supply voltage is supplied 
to the region 223 and the ground voltage is supplied to 
the region 224). the basic cell is operated as an MOSFET 
similarly to the basic cell shown in Fig. 2. When prede- 
termined voltages are supplied to the gates of the basic 
50 transistors (tor exanrple. the pcMfer supply voltage is sup- 
plied to the gate of the P channel MOSFET and the 
ground voltage is supplied to the gate of the N channel 
MOSFET ) and the source, the drain, and the regions 
223 and 224 are used as an emitter, a collector, and a 
55 base, respectively, the basic cell is operated as a lateral 
type bipolar device. When the regions 223 and 224 are 
connected to the gate of the basic transistor and used 
as a base, the source is used as an emitter, and the drain 
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is used as a collector, the t>asic ceil can be operated as 
a hybrid mode device. 

Rg. 9 is a layout diagram of the butter circuit shown 
in Fig. 7(b). In Fig. 9, two transistors are connected in 
parallelsoastoinnprGvetheloaddrMngcapability. When s 
the resistor device is omitted, the buffer circuit can be 
stnxtured of on basic cell. 

Rg. 10 is a layout diagram for ei^laining the second 
embodiment of the present invention. The buffer circuit 
shown in Fig. 9 is applied for the static latch circuit shown io 
in Rg. 4(c). In Rg. 10. finely hatched patterns represent 
metal lines on the first layer. Coarsely hatched patterns 
represent metal wires on the second layer. SmaU 
squares 1 1 1 represent contacts. Large squares 1 41 rep- 
resent through-holes that connect the metal wires on the is 
first layer and the metal wires on the second layer. Ref- 
erence numeral 232 is a power supply line. Reference 
numeral 233 is a ground line. Reference numeral 144 is 
an input terminal position. Reference numeral 145 is an 
output terminal position. Reference numeral 146 is a C 20 
signal input terminal position. Reference numeral 147 is 
a CI signal input terminal positioa 

Rg. 1 1 shows delay time characteristics in the case 
tfat the libraries shown in Rgs. 3(a). 3(b). and 3(c) are 
formed by 0.35 jim CMOS tecfwiology. In this case, the 2S 
power siiply voltage is 2.5 V. The load is structured of 
three fan-outs and wires. The horizorrtal axis of Rg. 1 1 
represents a wiring length of a load. In Rg. 1 1 . the case 
(1) represents the characteristics of the circuit shown in 
Fig. 3(a) of which the channel width of the basic transistor 30 
is 10 ^m. The case (2) represents the characteristics of 
the circuit shown in Rg. 3(a) of which the channef width 
of the basic transistor is 5 ^m. The increase of the delay 
time is not so large at smaW wiring load condition, and 
power consumption can be reduced the half of the case 3S 
(1). The case (3) represents the characteristics of the cir- 
cuft shown in Rg. 3(c) of which the channel width of the 
tkasic transistor is 5 \im. The increase of the delay time 
is not 60 large at large wiring load condition, arxd the 
power consumption on the preceding stage can be 40 
reduced the half of case (1). The case (4) represents the 
characteristics of which the channel width of the basic 
transistor is 5 ^m and the circuit shown in Fig. 3(a) is 
structured of a power gata The delay time and power 
consumption of the case (4) are almost the same as 45 
those of the case (1). 

As described above, a library group according to the 
present invention and a logic circuit structured thereof 
have plural logic gates and function blocks that have the 
same logic function and different load driving capability, so 
Thus, by selecting them, a desired performance can be 
obtained. In addition, since each of the Ibraries accord- 
ing to the present invention has the same size and the 
same input/output terminal positions, it is not necessary 
to rework and nmlTfy placement and wiring designs, ss 
Moreover, the selection does not adversely affect the 
other portions. Even if a high end EWS (engineering 
work station) is used, it takes several days to perfomri 
placement and wiring designs and their verification for a 



gate array for use with a large scale logic LSI (for exam- 
ple. CPU. ASIC, DRAM, and EEPROM). Thus, this effect 
is very significant. In addition, although the Iforary group 
according to the present invention is structured of basic 
cells of basic transistors with a small channel width, 
when they are property used, the operating speed that 
is equivalent to that of basic cells of basic transistors with 
a large channel width can be accomplished. 

Although the present invention has been shown and 
desaft)ed with respect to best mode embodiments 
thereof, it shoukil be understood by those skilled in the 
art that the foregoing and various other changes, omis- 
sions, and additions in the fonm and detail thereof may 
be made therein wrthiout departing from the spirit and 
scope of the present invention. 

Ctaims 

1. A Ibrary group structured of basic cells and having 
logic gates which have the same logic function, the 
same size, and the same inputfoutput terminal posi- 
txxis and which have different load driving capability. 

2. The Ibrary groip as set forth in daim 1, 

wherein a portion whkii performs a fogic 
function and a portion which perfomns a load driving 
functfon are structured off the same and independ^ 
basic cells. 

3. The Ibrary group as set forth in daim 1, 

wherein transistors wtuch have three or less 
contact positfons in source arxi drain diffusion layer 
regions are used as the cells. 

4. The Ibrary group as set forth in daim 2, 

wherein the portion which performs the load 
driving function is structured of a lateral type bipdar 
device corresponding to a silicon-on- insulation 
(SOI) technology. 

5. The Ibrary grotp as set forth in daim 2, 

wherein the portion which performs the toad 
driving function is structured of a hybrid mode darice 
corresponding to a silicon-on- insulatfon (SOI) tech- 
nology. 

6. A semkxnductor integrated circuit structured of the 
library group as set forth in daim 1. 

7. A Ibrary group structured of basic cells and having 
function blocks which have the same logic function, 
the same size, and the same input/output terminal 
positionsarvj whk:h have different load driving capa- 
bility. 

8. The Ibrary group as set forth in daim 7, 

wherein a portion which performs a logic 
function and a portion which performs a load driving 
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function are structured of the same arxi independent 
basic cells. 

9. The library group as set forth in claim 7. 

wherein transistors which have three or less 5 
contact in source and drain diffusion layer regions 
are used as the cells. 

10. The library group as set forth in claim 8. 

wherein the portion which performs the load io 
driving function is structured of a lateral type bipolar 
device corresponding to a silicon-on- insulation 
(SOI) technology. 

11 . The library group as set forth in claim 8, is 

wherein the portion which performs the load 
driving function is structured of a hytxid nrxxje device 
con-esponding to a silicon-on- insulation (SOI) tech- 
nology 

20 

12. A semiconductor integrated drcuit structured of the 
library group as set forth in claim 7. 

13. A library grotp structued of basic cells and having 
logic gates and function blocks which have the same 2s 
togic function, the sanf>e size, and the same 
input/output terminal positions arvi wfiich have dif- 
ferent load driving capability. 

14. The library group as set forth in claim 13, 30 

wherein a portion which performs a logic 
function and a portion which performs a load driving 
function are structured of the sanw and independent 
basic celts. 

1 5. The ift>rary group as set forth in claim 13, 

wherein transistors which have three or less 
contact positions in source and drain diffusion layer 
regions are used as the basic celts. 

40 

16. The library group as set forth in claim 14. 

wherein the portion which performs the toad 
driving function is structured of a lateral type bipolar 
device corresponding to a siKcon-on- insulation 
(SOI) technology ^ 

17. The library group as set forth in claim 14, 

wherein the portion which performs the load 
driving function is structured of a hybrid mode device 
conesponding to a silicon-on- insulation (SOI) tech- so 
nology 

18. A semiconductor integrated circuit structured of the 
library group as set forth in claims 13. 

55 

1 9. A logic circuit for use with an integrated circuit struc- 
tured of a lilyary group structured of basic cells and 
having logic gates which have the same logic func- 
tion, the same size, and the same input/output ter- 



minal positions and which have different load driving 
capability. 

20. A logic circuit for use with an integrated circuit struc- 
tured of a library group structured of basic cells and 
having function blocks which have the same togic 
function, the same size, arvJ the same input/output 
terminal positions and which have different load driv- 
ing capability. 

21. A logic circutfor use with an integrated circuit struc- 
tured of a library groip structured of basic cells and 
having logic gates and function blocks which have 
the same logic function, the same size, and the 
same input/output terminal positions and which 
have different foad driving capability. 

22. The logic circuit as set forth in claim 21 . 

wherein a portion wNch perfonns a logic 
function and a portion which performs a load driving 
function are structured of the same and independent 
basic cells. 

23b A semiconductor integrated circuit produced by 
method for producing an integrated circuit structured 
ofalibrary group structured of basic cells and having 
logic gates which have the same fogic function, the 
same size, and the same input^output terminal posi- 
tions and which have different foad driving capability. 
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